Armeria caespitosa (Gómez-Ortega ) Boiss. in DC. (Plumbaginaceae) is a high mountain chamaephyte, endemic to the Sistema Central mountain range (central Spain) and found at altitudes from 1600 to 2430 m. It forms continuous populations in cryophilic pastures, dominated by Festuca curvifolia Lag. ex Lange, but isolated populations can also be found on ledges of granite and gneiss rocks, especially at the lower edge of its altitudinal range. Armeria caespitosa is diploid (2 n = 18; Castroviejo and Valdés-Bermejo, 1991 ) and shows weak interspecifi c reproductive barriers that allow hybridization with other Armeria Willd . species ( Nieto-Feliner et al., 1996 ) . It is self-incompatible ( García-Camacho and Escudero, 2009 ) and pollinated by generalist insects (Lara-Romero, in preparation) .
Previous studies on the population genetics of A. caespitosa using amplifi ed fragment length polymorphisms revealed relatively high levels of gene fl ow and a complex genetic structure among populations ( García-Fernández, 2011 ) . These patterns may have been strongly infl uenced by upward-downward population shifts during the Quaternary climatic oscillations. The use of codominant markers could help to estimate gene fl ow and local population structures. Microsatellites can be a useful tool for this purpose and for additional studies on fi ne-scale genetic structures (Lara-Romero, in preparation). Furthermore, no microsatellites have been previously described for the genus Armeria , making transferability to other species especially relevant.
METHODS AND RESULTS
Microsatellite loci were isolated following the Fast Isolation by AFLP of Sequences COntaining repeats (FIASCO) protocol ( Zane et al., 2002 ) with some modifi cations, and with genomic libraries enriched for CT and CTT microsatellite motifs. DNA was extracted from 20 mg of dried leaf tissue with the DNA Plant Mini-Kit (QIAGEN, Barcelona, Spain). Genomic DNA was digested with Mse I (New England Biolabs, Ipswich, United Kingdom), purifi ed (Qiaquick Kit, QIAGEN), and ligated to an Mse I adapter with Ligafast (Promega, Madrid, Spain). The ligation mixture was diluted 10 × and 5 μ L of this dilution were amplifi ed with adapter-specifi c primer (hereafter Mse I-N) in a 50-μ L reaction containing 125 pmol Mse I-N, 0.4 mM of each dNTP, 1 × Taq buffer, 2 mM MgCl 2 , and 2.5 U Taq DNA Polymerase (Biotools, Madrid, Spain). PCRs were carried out in an Applied Biosystems 2720 thermal cycler (Carlsbad, California, USA). The PCR program consisted of 2 min at 72 ° C and 5 min at 94 ° C; followed by 40 cycles of 30 s at 94 ° C, 1 min at 53 ° C, and 1 min at 72 ° C; and a fi nal extension step of 7 min at 72 ° C. Separate enrichments were conducted using streptavidin-coated M-280 Dynal magnetic beads (Invitrogen, Grand Island, New York, USA) attached to (CTT) 8 GC and (CT) 8 GC 5 ′ -biotinylated oligonucleotides. Beads were washed three times in binding and washing buffer and resuspended in 100 μ L of a solution of 3 × saline sodium citrate (SSC ), 0.1% sodium dodecyl sulfate (SDS ), and 2% PEG-6000. Fifteen microliters of DNA were hybridized to the oligonucleotides at room temperature for 30 min with mixing. The probe beads-DNA complex was separated by a magnetic fi eld and washed four times each with three decreasing salt-concentration solutions (2 × SSC, 1 × SSC, and 0.5 × SSC, plus 1% SDS and 0.8 μ M Mse I-N) to remove T7 and Sp6 vector primers, and sequenced using BigDye cycle sequencing terminator kit version 3.1 (Applied Biosystems), followed by electrophoresis on an ABI 3730 automated sequencer (Applied Biosystems). Of the 144 clones sequenced, 95 were unique sequences containing microsatellites. After discarding clones with short or unsuitable fl anking sequences, primers were designed for 45 clones using Primer3 ( Rozen and Skaletsky 2000 ) . The 16 clones with the highest primer scores were selected ( Table 1 ) and amplifi ed using the Multiplex Kit (QIAGEN) with fl uorescently labeled primers.
unbound fragments and unspecifi c hybridization. Fragments containing microsatellites were released in 100 μ L of 0.2 × SSC at 95 ° C for 5 min and desalted with QIAEX II (QIAGEN), and 5 μ L of enriched DNA were amplifi ed with the above PCR cocktail and amplifi cation program. PCR products were purifi ed, cloned into pGEM-T Vector (Promega), and transformed into E. coli high-effi ciency competent cells JM109 strain (Promega). Transformants were identifi ed by blue/white screening on Luria-Bertani agar plates with ampicillin, X-gal, and isopropyl-β -D -thiogalactopyranoside (IPTG ), screened by PCR using Note : A = number of alleles per locus; F IS = inbreeding coeffi cients; H e = unbiased expected heterozygosity; H o = observed heterozygosity; N = number of individuals. a * P < 0.05 ; **P < 0.01; *** P < 0.001; ns = not signifi cant; -= not applicable . ( Table 1 ) , and 30 s at 72 ° C; and a fi nal extension of 30 min at 60 ° C. Products were run on an ABI 3730 Genetic Analyzer using LIZ-500 as internal size standard (Applied Biosystems). Amplifi ed fragment lengths were assigned to allelic sizes with GeneMarker version 1.85 (SoftGenetics, State College, Pennsylvania, USA). After initial screening, eight of 16 loci (Aca0113, Aca0103, Aca10222, Aca1140, Aca0231, Aca1217, Aca0211, and Aca1342) showed multiple amplifi cation products suggesting locus duplication or unspecifi c amplifi cation and were discarded. The remaining eight loci (Aca2216, Aca1141, Aca0222, Aca0210, Aca0102, Aca0202, Aca0117, and Aca0105) showed clear, interpretable amplifi cation patterns and were polymorphic. Thus, they were selected to genotype the whole sample set ( Tables 1 and 2 ) . Genotypic data were obtained for 20 individuals each from two A. caespitosa populations (Appendix 1) for eight microsatellite loci ( Table 2 ). Number of alleles ( A ), and observed ( H o ) and unbiased expected ( H e ) heterozygosities ( Nei, 1978 ) were calculated with GENETIX version 4.05 ( Belkhir et al., 2004 ) . Inbreeding coeffi cients ( F IS ), deviations from Hardy-Weinberg equilibrium (HWE), and linkage disequilibrium (LD) between pairs of microsatellite loci were calculated using GENEPOP version 4.0 ( Rousset, 2008 ) and signifi cance was tested with Fisher exact tests. Allele numbers ranged from two (Aca0117) to seven (Aca2216) with an average of 4.5 alleles per locus (not shown). H o ranged from 0.300 to 0.800 and H e from 0.296 to 0.733 across loci and populations, respectively ( Table 2 ). Eleven out of 16 locus-population estimates of F IS did not significantly depart from HWE, whereas the remaining fi ve locus-population estimates showed signifi cant heterozygote defi ciency ( Table 2 ) . Nonetheless, these were not consistent across loci and populations, suggesting that population structure rather than null alleles are responsible for this pattern. Overall F IS values indicated a heterozygote excess in the Cabezas de Hierro population ( F IS = −0.158) and a heterozygote defi ciency in the Pico del Lobo population ( F IS = 0.105), but neither of these was signifi cantly different from zero. Only one of 56 pairwise comparisons between loci in the two populations showed signifi cant LD ( P < 0.05). Cross-species transferability of the eight microsatellite loci was tested in fi ve individuals per population in three other Armeria species: A. bigerrensis (C . Vicioso & Beltrán) Pau ex Rivas-Mart., A. cantabrica Boiss. & Reut. ex Willk., and A. maritima Willd. (see Appendix 1), following the previously described amplifi cation protocol for A. caespitosa . Seven loci successfully amplifi ed in A. maritima (all except Aca2216) and six in A. cantabrica (all except Aca2216 and Aca0105), and both species showed fi ve polymorphic loci among those successfully transferred ( Table 2 ) . None of the loci amplifi ed in A. bigerrensis .
CONCLUSIONS
Eight microsatellite primers were characterized to investigate population structure and gene fl ow in A. caespitosa . These markers provided information that could contribute to understanding possible local adaptation processes. Cross-species transferability experiments to A. maritima and A. cantabrica revealed the useful ness of some of these microsatellite loci in other Armeria species.
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